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ABSTRACT   
Intraventricular haemorrhage (IVH) and bronchopulmonary dysplasia (BPD) are major 
complications of premature birth. We tested the hypotheses that prematurely born infants 
who developed an IVH or BPD would have high expiratory tidal volumes (VTE) (VTE> 6ml/kg) 
and/or low end tidal carbon dioxide (ETCO2) levels (ETCO2 levels <4.5 kPa) as recorded by 
respiratory function monitoring or hyperoxia (oxygen saturation (SaO2) > 95%) during 
resuscitation in the delivery suite. Seventy infants, median gestational age 27 (range 23 – 
33) weeks, were assessed; 31 developed an IVH and 43 developed BPD. Analysis was 
undertaken of 31,548 inflations. The duration of resuscitation did not differ significantly 
between the groups.  Those who developed an IVH compared to those who did not had a 
greater number of inflations with a high VTE and a low ETCO2, which remained significant 
after correcting for differences in gestational age and birth weight between groups (p=0.019).  
Differences between infants who did and did not develop BPD were not significant after 
correcting for differences in gestational age and birth weight.  There were no significant 
differences in the duration of hyperoxia between the groups.  
Conclusions:  Avoidance of high tidal volumes and hypocarbia in the delivery suite might 
reduce IVH development. 
 
Key words: Bronchopulmonary dysplasia; intraventricular haemorrhage; prematurity; 
resuscitation  
 
LIST OF ABBREVIATIONS 
 
BPD  Bronchopulmonary dysplasia 
CO2  Carbon dioxide 
ETCO2  End tidal carbon dioxide 
FiO2  Inspired oxygen fraction 
IVH  Intraventricular haemorrhage 
PEEP  Positive end expiratory pressure 
VT  Tidal volumes 
VTE  Expiratory tidal volumes 
What is known 
• Hypocarbia on the neonatal unit is associated with the development of  
intraventricular haemorrhage (IVH) and bronchopulmonary dysplasia (BPD).  
 
What is new 
• Infants who developed an IVH compared to those who did not had significantly more 
inflations with high expiratory tidal volumes and low ETCO2s. 
 
INTRODUCTION 
Intraventricular haemorrhage (IVH) and bronchopulmonary dysplasia (BPD) are major 
complications of premature birth.  Studies from infants receiving neonatal intensive care 
have demonstrated that hypocarbia is associated with the development of IVH [8] and BPD 
[9].  In a study of 314 infants born at less than 29 weeks of gestation, hypocarbia increased 
the risk of severe IVH and BPD, particularly the latter when the hypocarbia was prolonged 
[9]. In a three centre study of VLBW infants all born less than 34 weeks of gestation, risk 
factors for IVH were determined.  Four factors were independently associated with IVH: 
gestational age, use of nitric oxide, a base deficit greater than ten and hypocarbia [2].  Both 
extremes of arterial carbon dioxide pressure were associated with severe IVH in preterm 
infants [8].  A secondary exploratory data analysis of data from the SUPPORT study 
(Surfactant, Positive Pressure and Oxygenation randomised trial) which included 1,316 
infants born between 24 and 28 weeks of gestation demonstrated severe IVH and BPD were 
both associated with hypercapnia and fluctuations in PaCO2 (both hypercarbia and 
AGRhypocarbia) [1].   
 
Hypocarbia can result from excessive mechanical ventilation.  High tidal volumes 
immediately after delivery, particularly before the administration of surfactant, have been 
demonstrated in animal models to result in inflammatory changes within the lung and chronic 
lung damage [4, 6].   Respiratory function monitoring has demonstrated that the tidal 
volumes delivered can vary widely even during the initial resuscitation of prematurely born 
infants [17].  It is likely that infants who receive high tidal volumes during resuscitation would 
suffer from hypocarbia, as indicated by low end-tidal carbon dioxide (ETCO2) levels.  
Whether high tidal volumes and low ETCO2 levels in the delivery suite are associated with 
the development of BPD and IVH have rarely been assessed. Tracey et al reported that 26% 
of surfactant treated preterm infants born less than 34 weeks of gestation were hypocarbic 
on NICU admission and 20% were both hypocarbic and hyperoxic likely reflecting events in 
the delivery suite [25], but they did not report whether this influenced their outcome.  Kong et 
al reported median cord PCO2 values of 50 mm Hg and a wide range of PCO2 values after 
NICU admission [13], but again did not relate this to outcomes such as IVH and BPD.  In a 
prospective study of 170 infants all less than 33 weeks of gestation, arterial or venous blood 
gases were obtained within the first hour after birth.  Hypocarbia and hyperoxia were 
uncommon, but hypercarbia (57%) occurred frequently.  Multivariate logistic regression 
analysis, however, showed no significant association with a low or high PaCO2 or high PaO2 
with death or major inpatient morbidities including IVH and BPD [11].  A recent study of 
infants less than 29 weeks of gestational age [15] showed an association between high tidal 
volumes (>6mls/kg) at resuscitation and the development of IVH.  
 
We hypothesized that infants who developed an IVH or BPD would have high tidal volumes 
and/or low ETCO2 levels as documented by respiratory function monitoring during 
resuscitation in the labour suite.  In addition, those who developed an IVH or BPD would be 
more likely to have been hyperoxic as indicated by an oxygen saturation (SaO2) greater than 
95%.  An aim of this study was to test those hypotheses.  A second aim was to determine 
whether infants who developed a severe IVH would have higher tidal volumes or lower 
ETCO2 levels than those who developed a non-severe IVH.   
PATIENTS AND METHODS 
Respiratory recordings of infants born at 33 weeks or less gestational age requiring 
resuscitation in the delivery suite between March 2010 and March 2014 were retrospectively 
reviewed. Ethical approval was given by the Outer London Ethics Committee.  The 
Committee required parental consent only for the analysis of the data. This was obtained 
once the mother was transferred to the postnatal ward.  This study was approved by the 
King’s College Hospital NHS Foundation Trust Research and Audit Department. 
 
Resuscitation protocol 
The clinicians attending the resuscitations had all been trained in newborn life support and 
had received the Resuscitation Council, UK NLS (Newborn Life Support) provider certificate 
and followed the Council’s recommendations on whether to commence face mask 
resuscitation [23]. They had also been trained to operate the respiratory function monitor. 
During the resuscitation, the respiratory function monitor was set to display tidal volume, 
flow, inflation pressures and ETCO2 levels. The research team was available for help and 
advice in operating the recording equipment.  
 
Positive pressure ventilation was delivered via a t-piece device (Neopuff Infant resuscitator, 
Fisher & Paykel Healthcare, Auckland, New Zealand). The pressure relief valve was to be 
set at 30 cm H2O. The local policy, which followed national and international guidelines was 
to start with a peak inflation pressure of 20 cm H2O maintained for two to three seconds for 
five breaths before reassessing the condition of the infant. Subsequently, ventilator breaths 
(inflation breaths) of up to one second are used.  If there is an inadequate response, further 
inflation breaths are given. The inflation pressure was to be increased if the chest wall rise 
was considered inadequate. The continuous flow, pressure-limiting device had a built-in 
manometer and a positive end expiratory pressure (PEEP) valve. A PEEP of 4–5 cm H2O 
and a flow of 5 l/min were used during all resuscitations. The t-piece was attached to a round 
face mask (Marshall Infant, Bath, UK). A size 0 or 1 mask was selected by the clinician 
according to which mask size they felt would be most likely to achieve an adequate seal. 
Oxygen saturation monitoring was routinely used during the resuscitation of prematurely 
born infants, the probe was attached to the right hand. The local policy was that resuscitation 
was commenced using an inspired oxygen fraction (FiO2) of 0.21, which was to be increased 
to maintain an oxygen saturation of between 85% and 92%.  
 
Respiratory function monitoring was undertaken as part of a research study and levels of VT 
and ETCO2 were not prescribed.  During the study, there were no changes in the 
resuscitation guidelines that were used.   
 
Monitoring equipment 
A NM3 respiratory profile monitor (RPM) (Philips, Respironics), connected to a Laptop (Dell 
latitude) with customised software (3.0.1.4) (Grove medical, London, UK) was used to obtain 
respiratory waveform and record mainstream end tidal CO2. The NM3 respiratory profile 
monitor has a combined pressure, flow and carbon dioxide (CO2) sensor which was inserted 
between the T-piece and the face mask or endotracheal tube. The flow and pressure 
measurements were made using a fixed orifice differential pressure pneumotachograph. The 
NM3 monitor was automatically calibrated for flow, pressure and CO2 according to the 
factory stored calibration inside the monitor. The pressure transducer was automatically 
“zeroed” to correct for changes in ambient temperature. According to the manufacturer's 
information, the accuracy of the flow sensor was ±3% and the airway pressure was ±2%.  
These have been previously confirmed by in vitro studies in our laboratory [17]. The 
monitoring was commenced at the onset of positive pressure inflations, the time after 
delivery when positive pressure inflations were commenced was not recorded. 
Only after the respiratory recordings were analysed (see below) were the medical records 
examined to determine whether the infants had developed an IVH or BPD.  An IVH was 
diagnosed from cranial ultrasounds routinely performed. As per unit policy, cranial 
ultrasounds were performed on admission to unit for all infants born below 34 weeks of 
gestation or any infant ventilated. Cranial ultrasounds were performed as soon as possible 
after admission when the baby was stabilised. Subsequent ultrasound scans were 
performed on day three, between day seven and 10, day 14 and 21, and day 28 and 30. All 
cranial ultrasounds were performed by a neonatal registrar or consultant and subsequently 
reviewed and reported by a neonatal consultant who was unaware of the results of the 
resuscitation recordings.  The IVHs were reported as grades I to IV using the Papile 
classification [20], (grade III – IV severe and grade I to II non-severe).  BPD was diagnosed if 
the infant required supplemental oxygen beyond 28 days [12] to maintain their oxygen 
saturation levels above 92%. An oxygen reduction test at 36 weeks postmenstrual age was 
not undertaken, hence we did not report BPD as defined as oxygen dependency at 36 
weeks PMA. Infants who died before 28 days were excluded from the BPD analysis. Other 
data extracted from the notes included the infant’s gestational age, birth weight and Apgar 
score at five minutes and whether the mother had received corticosteroids antenatally, had 
had chorioamnionitis or an antepartum haemorrhage.    
 
Analysis 
The recordings were analysed to determine the duration of resuscitation, the number of 
inflations, the inflation pressure, PEEP, inflation time (Ti), mean airway pressure (MAP) and 
expiratory tidal volume (VTE) of each inflation and the breath by breath minute ventilation. No 
initial inflation breaths (ie 2-3 seconds duration) were analysed.  All inflations (ventilator 
breaths) were included when the infant was receiving positive pressure inflations but not 
CPAP. The number of inflations with tidal volumes more than 6 mls/kg (high tidal volumes) 
or end tidal CO2 levels of less than 4.5 kPa (low ETCO2 levels) were determined, as were 
the number of inflations with both high tidal volumes and low ETCO2 levels. These cut-offs 
were decided apriori. The VTE of 6 ml/kg was selected as this was found to be the optimal 
tidal volume during volume targeted ventilation in a number of conditions, that is associated 
with the lowest work of breathing [ 5, 21, 22]. The ETCO2 of 4.5 kPa was selected as this 
was the lower end of the normal range of PaCO2 values used in our unit. The lowest ETCO2 
and highest ETCO2 level for each recording were identified. Recordings were not analysed if 
throughout resuscitation the leak was greater than 30%.  On other recordings, inflations with 
a leak greater than 30% were not analysed. The degree of leak was determined by 
comparing the inspiratory and expiratory volumes, eg the inspiratory volume was 30% 
greater than the expiratory volume.  We did correct for leak flow at PEEP. 
 
Statistical analysis 
The data were tested for normality and found not to be normally distributed.  Differences, 
therefore, were assessed for statistical significance using the Mann-Whitney U test or the 
Chi-square test as appropriate.  Regression analyses were performed to determine if results 
remained statistically significant after correcting for differences in gestational age and birth 
weight between the groups.   Statistical analysis was performed by using SPSS Statistics 
Desktop, V23.0.0.   
 
RESULTS  
During the study period, 370 infants were born less than 33 weeks of gestation.  There were 
150 recordings available for analysis, but 56 were excluded because of artefacts in the tidal 
volume or ETCO2 traces and 24 were excluded due to a large leak throughout.  A total of 
31,548 inflations were assessed from the recordings from the remaining 70 infants.   
Thirty-one infants developed an IVH, all IVHs occurred on or before day three.  Those who 
developed an IVH were more immature (p<0.01) and of lower birth weight (p=0.015) than 
those who did not develop an IVH, but there were no other significant differences in their 
demographics (Table 1). The IVH group compared to the no IVH group also had the  highest 
ETCO2 levels (p<0.005), and highest inflation rate (p<0.005) after adjustment for gestational 
age and birth weight  (Table 2).    The IVH group received a greater number of inflations with 
a VT >6 mls/kg (p=0.002) and inflations with an ETCO2 <4.5 kPa (p=0.016) and inflations 
with both a VT >6mls/kg and an ETCO2 <4.5 kPa (p=0.019) (Figure 1); they also had the 
highest ETCO2 level (p<0.005). The percentage number of inflations with a high tidal volume 
in the IVH and no IVH group was 22% versus 6.5% respectively, with a low ETCO2 in the 
IVH and no IVH group of 15% versus 0.26% respectively and the percentage of inflations 
with a high tidal volume and a low ETCO2 in the IVH and no IVH group was 3.6% versus 0% 
respectively. ETCO2 values as low as 1.8 and 1.5 kPa were recorded in the IVH and no IVH 
groups respectively (Tables 2-3). There was no significant difference in the time spent with 
an SaO2 > 95% between the IVH and non IVH group (p=0.989). Thirteen of the 31 infants 
developed a severe IVH. Infants who developed a severe IVH rather than a non-severe IVH 
had a lower “lowest” ETCO2 (p=0.038) (Table 3).  
 
Forty-three infants developed BPD, they were more immature (p<0.005) and of lower birth 
weight (p<0.005) than those who did not develop BPD (Table 1).  Infants who developed 
BPD compared to those who did not develop BPD received a higher number of inflations 
with an ETCO2 level <4.5mmHg (p=0.003) and a higher number of inflations with both a VT 
>6mls/kg and a ETCO2 level <4.5 Kpa (p=0.013) and the BPD group also had the lowest 
ETCO2 level (p=0.007) (Table 4). None of these differences, however, remained significant 
after controlling for gestational age and birth weight (Table 4). There were no significant 
differences in the maximum saturation level (p=0.14) between the two groups. There was a 
trend for infants who developed BPD to have a shorter time spent with oxygen saturations 
greater than 95% (p=0.048), but this was no longer significant once corrected for gestational 
age and birthweight (p=0.101). 
 
DISCUSSION  
We have demonstrated that infants who developed an IVH received more inflations during 
the resuscitation in the labour suite resulting in a high tidal volume (>6 mls/kg) or a low 
ETCO2 (<4.5 Kpa). A greater number of inflations with a high tidal volume and/or a low 
ETCO2 in the IVH group would mean that those infants had been exposed to a longer time 
with such inflations. Those results remained significant after adjusting for gestational age 
and birth weight. In addition, infants who developed a severe IVH compared to a non-severe 
IVH had the lowest ETCO2 levels. The IVH group had significantly more inflations with a tidal 
volume greater than 6 mls/kg and ETCO2 levels less than 4.5 kPa suggesting that the high 
tidal volumes had resulted in a low ETCO2.  We [18] and others [11, 25] have reported that 
there may be no ETCO2 immediately after birth, likely reflecting that pulmonary vasodilation 
had not occurred.  Hence, we have reported analysis of positive pressure inflations during 
the duration of resuscitation, we did not analyse initial resuscitation when in the UK two to 
three second inflations are used.  We found no significant differences in the Apgar scores at 
five minutes between those who did and did not develop an IVH suggesting that the IVH 
group was not sicker at initial resuscitation. In addition, there were no significant differences 
in the number of inflations analysed between the groups nor the duration of resuscitation.  
Furthermore, there were no significant differences in antenatal events such as corticosteroid 
exposure, chorioamnionitis or antepartum haemorrhage which could have affected their 
outcomes.  Thus, our findings may suggest an association of the impact of resuscitation on 
outcomes. A recent study demonstrated infants born before 29 weeks of gestation were 
more likely to develop an IVH if they were resuscitated with tidal volumes greater than 6 
ml/kg, but no data on ETCO2 levels were given [15].  In a prospective observational cohort 
study of infants born at less than 33 weeks of gestational age, hyperoxia, hypocarbia and 
hypercarbia did not significantly correlate with adverse inpatient outcomes or death [24].  
Hyperoxia and hypercarbia, however, occurred infrequently and the blood gas analysis was 
undertaken in the first hour after birth [24] and was not assessed in the delivery suite as in 
our study. 
 
Hypocarbia in infants ventilated on the neonatal unit has been reported to be associated with  
adverse outcomes. A review of clinical and blood gas data collected in the first four postnatal 
days from 849 infants with birth weights of 401 to 1250 gms highlighted that those who 
developed an IVH had higher maximal and lower minimal PaCO2 levels [8].  A retrospective, 
cohort analysis of 314 infants of less than 29 weeks of gestational age demonstrated that 
those whose PaCO2 fell below 30 mm Hg at any stage in the first 48 hours had an increased 
risk of IVH and those that had three such recordings in the first 24 hours had an increased 
risk of BPD [7].  Kraybill reported that factors associated with BPD included the lowest 
PaCO2 at 48 hours [14] and Garland reported that a PaCO2 of less than 29mmHg prior to 
exogenous surfactant was associated with an increased risk of BPD [9].  All those results, 
however, were before the routine use of antenatal steroids and postnatal surfactant and 
none commented on the contribution of low PaCO2 levels in the labour suite.  In contrast, 
arterial venous or arterial blood gas analysis performed within the first hour after birth in 75 
infants, mean gestational age of 28 weeks with arterial blood gases demonstrated none had 
hypocarbia (<30 mm Hg) and 51% were hypercarbic (> 55 mm Hg), 11% were hyperoxic 
(>80 mm Hg) and 22% had hypoxia (< 50 mm Hg).  Multivariable logistic regression analysis 
demonstrated no significant association of low or high PCO2 or PO2 with death or major 
inpatient morbidities [11].  In a more recent study, fifty-nine preterm infants born less than 32 
weeks of gestation were randomly assigned to the use of a disposable PediCapET CO2 
detector or a Microstream side stream capnography device during face mask ventilation in 
the delivery suite.  Normocarbia was defined as PaCO2 measure between 37.5 and 60 mm 
Hg in the first hour after birth. No significant differences were found in incidence of the 
normocarbia and outcomes such as IVH or BPD [10].    
We found no significant difference in the time with a SaO2 > 95%, ie hyperoxia between 
those who did and did not develop BPD.  This is perhaps surprising as many studies have 
reported the injurious effects of perinatal supplemental oxygen on lung development [3].  
Many of those studies, however, have reported the effect of prolonged exposure to 
hyperoxia [26, 28].  In our study, the maximum duration of resuscitation was only sixteen 
minutes.  It has also been shown that there is a dose dependent effect on the severity of 
BPD [27]. In this study, we report infants initially resuscitation in an FiO2 of 0.21.   
 
This study has strengths and some weaknesses. A large number of inflations were analysed 
independent of knowledge of the infants’ outcomes. We analysed the outcome of inflations 
as if we found an adverse association, this could lead to improvements in clinical practice, 
that is by reduction in the magnitude of delivered inflations. Although the data were analysed 
retrospectively, the respiratory function monitoring was carried out as part of a prospective 
study.  The respiratory function monitoring was undertaken as a research study and the wide 
range of tidal volumes and ETCO2 levels suggest that the clinical team were not routinely 
using the displayed information to guide the level of support.  Indeed, we have previously 
shown that many paediatric trainees were unaware of the size of a “normal” tidal volume 
[16].  It is not clear whether routine respiratory function monitoring in the labour suite would 
improve outcomes [19].  No significant differences in the incidence of IVH were found in a 
randomised trial comparing use of a respiratory function monitor with the display which was 
visible or masked [20].  The trial, however, included 49 infants and the targeted tidal volume 
was 4-8 mls/kg, which meant that some infants may have received volumes above the 
“normal” tidal range [20].  We made the assumption that ETCO2 levels reflect changes in the 
arterial carbon dioxide levels, but this is not correct at the onset of resuscitation when 
ETCO2 levels may be as low as zero before the infant’s first active inspiration [18] and 
reflects lack of pulmonary vasodilation.  We, however, analysed traces throughout the 
entirety of the recorded resuscitation and in all cases there were measurable ETCO2 levels 
during the resuscitation process.  Although the ETCO2 levels may underestimate arterial 
CO2, there is no reason why this should differ between the groups, given our data do not 
suggest the IVH and BPD groups were sicker initially than those who did not develop those 
adverse outcomes. Our results are not from a randomised trial, but the researchers 
analysing the data were blind to the infants’ outcomes.  The larger VT may be related to a 
sicker baby and a lower ETCO2 due to a higher physiological dead space, but we reported 
no significant differences in the Apgar scores of infants with and without adverse outcomes. 
Furthermore, the duration of resuscitation did not differ between those with and without 
adverse outcomes again suggesting those who developed an IVH or BPD were not initially 
sicker. Nevertheless, those who developed an IVH had both significantly more low ETCO2 
levels and high tidal volumes.  The inflation pressures used were those recommended by the 
Resuscitation Council (UK).  The level of PEEP and flow rate were those routinely used in 
the UK, but in other countries higher levels of PEEP are used.  Whether the PEEP level 
might influence the results merits investigation.  We did not collect data on possible 
confounders which occurred after resuscitation regarding the development of an IVH or 
BPD, but all IVHs had occurred on or before day three suggesting the delivery room events 
were associated with that adverse outcome. 
In conclusion, infants who developed IVHs were resuscitated with significantly more 
inflations resulting in large tidal volumes and low ETCO2 levels after correcting for 
differences in gestational age and birth weight than those who did not develop IVHs.  
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FIGURE LEGENDS:   
 
Figure 1:   Box and whisker plot according to IVH status of the number of inflations with 
a tidal volume > 6 mls/kg and an ETCO2 level < 4.5 Kpa 

Table 1:  Demographic data by IVH and BPD status 
The data are demonstrated as median (range) or n (%) 
 
IVH  No IVH  P value  BPD  No BPD  P value  
n 31  38  
 
43  20  
 
Gestational age weeks) 
  
26 
(23-32)  
28  
(23-32)  
<0.01  26.3 
(23-30)  
29.6 
(27-32)  
<0.01  
Birth weight (gms) 
  
850 
(484- 1674) 
1000 
(652 - 1910) 
0.015  850 
(484-1330) 
1338  
(980-1910)  
<0.01  
Antenatal steroid exposure 25(81%)  33(87%)  0.36  36(84%)  18(90%)  0.41  
Chorioamnionitis   10(32%)  5(13%)  0.056  7(16%)  4(20%)  0.31  
Antepartum haemorrhage 7(23%)  7(18%)  0.71  10(23%)  4(20%)  0.56  
Apgar score at five minutes  7 (2-10) 6 (3-10) 0.86 7 (2-10) 7 (2-9)         0.22 
25 
 
Table 2: Respiratory function monitoring results according to IVH status 1 
The data are presented as median (range) 2 
 IVH  No IVH  P value  Adjusted * 
p value  
Total number of inflations per infant 
assessed  
471 (203-698)) 404 (58-795) 0.193  
Duration of resuscitation (minutes) 6.3 (3-13) 8.0 (1-10) 0.184  
PIP (cm H2O)  22.2 (18-35) 21.2 (16-30) 0.101  
PEEP (cm H2O)  5.4 (2.1-7.8) 4.7 (2-8) 0.139  
Delta P (PIP-PEEP) (cm H2O)  18 (12.4-27.3) 16.4 (10.2-28) 0.173  
MAP (cm H2O)  13 (10.7-21.7) 12.6 (9.4-17.4) 0.181  
Inflation time (secs)  0.76 (0.27-1.42) 0.69 (0.39-1.2) 0.819  
Inflation rate (inflations per minute)  68.7 (38-106.3) 48.4 (38.7-62) <0.005 <0.005 
Lowest ETCO2 (kPa) 3.5 (1.8-5.6) 4.4 (1.5-5.8) 0.025 0.00   0.207 
Highest ETCO2 (kPa)  10 (7.5-15.2) 8 (5.7-10.4) <0.005 <0.005 
VTE (mls/kg)   6.2 (4-13)  5.8 (4-8)  0.055  0.037 
Number of inflations with ETCO2<4.5 kPa 70 (0-414) 2 (0-360) 0.001 0.016 
VTE with lowest ETCO2 (mls/kg) 7(4-14)  6.5 (4-12)  0.3   
Number of inflations with VTE>6mls/kg  100 (0-475)  35 (0-200)  <0.005  0.002 
Number of inflations with VTE >6 mls/kg and 
EtCO
2
 <4.5 kPa 
20 (0-250)  0 (0-70)  0.001  0.019 
 3 
*adjusted for differences in gestational age and birth weight 4 
5 
26 
 
Table 3:  Respiratory function monitoring results according to severity of IVH 6 
The data are presented as median (range) 7 
 Grade III and IV IVH Grade I and II IVH P value 
Total number of inflations per infant 
assessed 
490 (274-675) 461 (203-659) 0.352 
Duration of resuscitation (minutes) 7 (4-12) 6.2 (3-13) 0.489 
PIP cm H2O 22.6 (20-35) 21.7 (18-29) 0.062 
PEEP cm H2O (range) 6.1 (2.1-7.8) 4.8 (2.8-7.3) 0.65 
Inflation time (inflations per minute)  0.76 (0.3-1.4) 0.72 (0.44-1.1) 0.86 
Inflation rate (min)  68 (46-89) 71 (40-106) 0.984 
Delta P (PIP-PEEP cm H2O 18.3 (14.6-27.3) 16.4 (12.4-22.4) 0.038 
MAP (cm H2O) 13 (10.7-21.7) 12.5 (10.6-19.1) 0.183 
Lowest ETCO2 (kPa) 3.0 (1.8-4.8) 3.9 (2.5-5.6) 0.038 
Highest ETCO2 (kPa) 10.2 (7.9-12.3) 9.9 (7.5-15.2) 0.757 
VTE (mls/kg) 6.3 (4-8) 6.5 (4-13) 0.679 
Number of inflations with ETCO2<4.5 
(kPa) 
91 (0-270) 50 (0-300) 0.441 
 VTE with lowest ETCO2 (mls/kg) 6.2 (3-8) 8.5 (4-14) 0.046 
Number of inflations with VT>6mls/kg 100 (0-210) 86 (0-300) 0.89 
Number of inflations with VT >6mls/kg + 
ETCO2 <4.5 (kPa) 
36 (0-110) 14 (0-250) 0.37 
 8 
 9 
 10 
 11 
 12 
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Table 4:  The respiratory function monitoring results according to BPD status 13 
The data are expressed as median (range). 14 
 
BPD   No BPD   P value Adjusted 
p value* 
Number of inflations per infant assessed  513 (58-795) 352 (180-731) 0.029 0.318 
Duration of resuscitation (minutes) 7.9 (1-16) 5.75 (3-15) 0.088  
PIP (cm H2O)  21.9 (16-32) 20.4 (17-34) 0.154  
PEEP (cm H2O)  4.8 (2.1-7.2) 4.6 (2-8) 0.621  
Delta P (PIP-PEEP) (cm H2O) 17.7 (10.2-25.1) 15.3 (11.9-28) 0.125  
MAP (cm H2O) 12.9 (10-20.5) 12.1 (9.4-17.2) 0.196  
Inflation time (secs)  0.72 (0.35-1.1) 0.59 (0.39-1.42) 0.425  
Inflation rate (inflations per minute) 54.5 (38-106.2) 49.7 (39.6-96.2) 0.268 
 
Lowest ETCO2 (kPa) 3.6 (1.5-5.5)  4.9 (2.8-5.8)  0.007 0.945 
Highest ETCO2 (kPa)  8.6 (6-15.2)  8.7 (5.7-12.5)  0.807   
 VTE (mls/kg)  6.1 (4-12)  5.7 (4-7)  0.049 0.809 
VTE with lowest ETCO2   7(4-14)  7 (5-12)  0.467  
Number of inflations with ETCO2<4.5 kPa 50 (0-414)  0 (0-190)  0.003  0.776 
Number of inflations with VTE > 6 ml/kg 50 (0-475) 50 (0-210) 0.318  
Number of inflations with VTE > 6 ml/kg and 
ETCO2 <4.5 kPa 
10 (0-250) 0 (0-110) 0.013 0.976 
 15 
*adjusted for differences in gestational age and birth weight 16 
 17 
 18 
 19 
 20 
28 
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